Grant and Wiseman (1) draw attention to the far-reaching implications of our report (2) , and they question whether quiescent genes can maintain function. They assume that genes for enamel protein are present, and ask how a gene could retain function after 70 million years of unselected, random mutation. Grant and Wiseman impose hypothetical conditions on this complex problem and conclude that it is unlikely that unexpressed genes could function or even be recognized if mutations had occurred at the rate they propose.
Central to their argument is the contention that enamel genes have not been subjected to selection pressure. This supposition is open to question. Many structural, nonenzymatic proteins (for example, collagen and keratins) are families of proteins (3) that serve various functions and contribute to manifold phenotypic expression. For example, keratin filaments are related to cytoskeletal elements as well as to keratin complexes in the stratum corneum of skin. Selection is a complex interaction impinging on many phenotypic traits. Thus, a family of proteins may be subject to selective pressure even if one aspect of their function is lost as a consequence of developmental alteration. Little is gained from speculating about loss of function or about the extent of alteration in enamel protein because how these molecules function is not known. However, there is no evidence that they act enzymatically; in fact, they seem to function as a matrix. If so they could tolerate substantial amino acid substitutions before function is severely diminished.
For their argument, Grant and Wiseman chose fibrinopeptides as an example of proteins that mutate rapidly. But they overlook the significant observation (4) that enamel protein derived from fish to mammals cross-reacts immunologically. Immunological cross-reactivity suggests (i) that homologies exist in these molecules throughout the vertebrates; (ii) that there is probably less than a 40 percent difference between the proteins; and, thus, (iii) that the proteins are highly conserved. If Grant and Wiseman based their calculations on the mutation rates of more highly conserved proteins such as cytochrome c, collagen, or the histone H4, their calculations would not have supported their argument. In addition, since enamel protein functions, the analogy with functionless fibrinopeptides is inappropriate. Very little is known about the molecular composition of enamel protein, or whether this is a group or family of proteins.
Relatedness of protein families, everincreasing complexity of gene loci, and the importance of developmental controls of gene expression (5) all argue for a more sophisticated view of genetics, evolutionary theory, and developmental analysis. We believe that the validity of our findings can best be assessed by the presentation of experimental data, rather than by hypothetical arguments. We look forward to new experimental data that bear on this question. EDWARD J. KOLLAR CHRISTOPHER FISHER Department of Oral Biology, School of Dental Medicine, University of Connecticut Health Center, Farmington 06032
